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Change in Northing Coordinate over Time

rtr

c
qt

E
at)

a
E
{!
o

0.2

0.0

-0.2

-0.4

-0.6

-0.8

-1.0

-'t.2

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006

Month of Survey

Dec 2006 Jun 2007 Dec 2007

iE

co
Eo
o
E
E
oF

0.3

o.2

0.1

0.0

-0.1

-0.2

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006

Month of Survey

Dec 2006 Jun 2007 Dec 2007

I

:l rr-- t' :l
-

-t t"' : '' -a

'.
..i,

rtr

E
o)
Eo
o

=G
o
F

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007 Dec 2007

Month of Survey

] -f
{' -l

*--.J"' (}
a

l-
f

]f:: '-'.'.'':'' -!r

.a z=2!

co
Eo
o
E
(E

oF

0.5

0.4

0.3

0.2

0.1

0.0

Dec 2005 Jun 2006

a I
l'

J

.l

I
t
I

Jun 2004 Dec 2004 Jun 2005

Month of Survey

Dec 2006 Jun 2007 Dec 2007



t

/^-
(}
l-- .l

' l,-:-'*: -l t

-="
o

t

Change in Easting Coordinate over Time

Eq'
E
c,

o
E
(E

oF

1.4

1.2

1.0

0.8

0.6

0.4

o.2

0.0

-0.2

Jun 2004 Jun 2005 Dec 2005 Jun 2006

Month of Survey

E
at

Eo
o

=E
oF

1.2

1.0

0.8

0.6

o.4

0.2

0.0

-0.2

Jun 2004 Jun 2005 Jun 2006 Jun 2007

Month of Survey

A
^ 1l

'*'-l
I

,t:l:
,r

t

co
Eo
o

=(U
oF

't.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

-u.z

Jun 2004 Jun 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

l.

: -= -= -'-t -t -=f

l;;!2
-.-t1 :1O-

,."-:i'
,

- z i- )*':- ; .- -' : _--l

.

14

12

I ro
E

E oe
o

€ os
$

F oo

u.z

0.0

Dec 2005 Jun 2006

(} -{t

I -t
.1,

.l

I
I

Jun 2004 Dec 2004 Jun 2005

Month of Survey

Jun 2007 Dec 2007



a
L

'f I :'.'-. .. i r i:.o
tt**l]:,a-

It.
\rl-- I

r--'t-- -l
+

Change in Elevation over Time

'tr
c
{,
Eo
o

=t
oF

0.5

0.0

-0.5

-'l.0

-1.5

-2.0

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Jun 2007

Month of Survey

rtr

co
E
ID

o

=E
oF

0.4

0.2

0.0

-o.2

-0.4

-0.6

-0.8

-1.0

-1.2

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007

Month of Survey

--I.'' 1

l.

'Yl 'l- r -'-' iI
-t

o

.tr

c
o
Eo
o

=E
oF

0.2

0.1

0.0

_nt

-uz
-0.3

-0.4

-0.5

-0.6

-0.7

-0.8

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007 Dec 2007

Month of Survey

..
I-] I

!:

I .A
I
t,

0.0

-0.1

€ -oz
c

E -o:
o

€ -o+
E6 -0.5F

-06

-o.7

Jun 2004 Dec 2005 Jun 2006

Month of Survey

'l=
't.

t. --
-o

I

Dec 2004 Jun 2005 Dec 2006 Jun 2007 Dec 2007



II
'^. -l

.l
- ,J
t a

J

.' --r-'f

Change in Northing Coordinate over Time

rtr

c
q)

Eo
o

=G
o
F

0.2
0.1

0.1

0.0
-0.1
-0.1

-0.2
-0.2
-0.3
-0.3

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007

Month of Survey

ltr

co
Eo
o

=(r,
oF

0.2

0.1

0.0

-0.1

-0.2

-0.3

-0.4

Jun 2004 Jun 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

I ,j.. I
-.-'..- I .

-l

a
'l(}. -*-.--_ - a

't

G

co
Eo
o

=E
oF

0.3

0.2

0.1

0.0

-0.1

-0.2

-0.3

-0.4

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

----.f::l
;4"

a. **i'li:. 
- - -rt

'il I .+ -o
!- J

c
Q'
E
o)

o

=(E
oF

o.2

0.1

0.0

-0.1

-0.2

-0.3

-0.4

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

ll:-t'.-..
*I' .+

'] ,]":' I

'l' ,J

o

c
q)

E
(l)

o

=(E
oF

0.0

-0.1

-02

-0.3

-0.4

-0.5

Dec 2005 Jun 2006

a- a

f
!

.J

L.

a
j .A

a

I

Jun 2004 Dec 2QO4 Jun 2005

Month of Survey

Jun 2007 Dec 2007



tIt.

a
,lr

I

-_ t:'t rfrrrr??? tttr----rJi-r-,

I I

Change in Easting Coordinate over Time

C
d.r

E
6,

o

=
.E

o

0.6

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2
-0.3

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

rtr

co
Eo
o

=l!
oF

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
-0.1
-o.2
-0.3

Jun 2004 Dec 2004 Jun 2005 Jun 2006 Jun 2007

Month of Survey

l:.2.2: ;;.3ii-r-'-"-'-l
,iT - !

:l:i! -
=

#
c
rl)
E
d)

o

=(E
o

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007 Dec 2007

Month of Survey

t
-,. -a

.l --'f --
I

itr

c
6)
E
.t)

o

=(E
o
F

0.5

0.4

0.3

0.2

01

0.0

-0.1

-o.2

-0.3

-0.4

Jun 2004 Dec 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007 Dec 2007

Month of Survey

-a
O

I

-J
'l 5l-::..

- A -l
I

c
0,
E
o
o

=
.E

oF

0.5

0.4

0.3

o-2

0.1

00

-0.1

-u.z

-n?
Dec 2005 Jun 2006

Month of Survey

)
.,,:),

"-'-'-'-- --

'+
: r l: r: :::i.:-:-:9,'

Jun 2004 Dec 2004 Jun 2005 Jun 2007



t
l
f I

: l-
D.

rr_-
? -r
I -a

'l

Change in Elevation over Time

itr

co
Eo
o

=(I'
oF

0.1
0.0

-0.1

-0.2
-0.3
-o.4
-0.5
-0.6
-0.7
-0.8

Jun 2004 Jun 2006 Jun 2007

Month of Survey

g
co
E
ct
o

=o
6F

0.0
-0.1

-0.1

-0.2

-0.2
-0.3
-0.3
-0.4
-0.4
-0.5
-0.5

Jun 2004 Dec 2004 Jun 2005 Jun 2006 Jun 2007

Month of Survey

-Ir'

l-
a_

--l-
t
+

'- -.'. I

co
E
al)

o

=E
oF

0.2

0.1

0.0

-0.1

-o.2

-0.3

-0.4

-0.5

Jun 2004 Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007

Month of Survey

I
s'+'a

f

a {
.f o I

A. I :i:::l

q
{D

E
ID

o

=o
oF

0.2

0.1

0.0

-0.1

-0.2

-0.3

Jun 2004 Jun 2005 Jun 2006 Jun 2007 Dec 2007

Month of Survey

I)

-l
1..

-t- t-
-o l'

0.0

-0.1

a -0.2

I -ot
E -o+
9 -o.s
E -o.e

E -o.z
f -o.a

-0.9
-1.0

Dec 2005 Jun 2006

rl!-!_!:!

I
.i-:t--

- r.'

'\r.-]
?'- t

--
a

Jun 2004 Jun 2005

Month of Sunvey

Dec 2006 Jun 2QQ7 Dec 2007



rtnn $iuRlrHytlr{#. t.L- {:.
1344 North 1000 West - Price, UT 84501

Office. 435-61 3-1266
Email: waresurveyi ng @emerytelcom. net

August 6, 2007

UtahAmerican Energy
Attn: Dave Shaver

Dear Mr. Shaver,

The purpose of this letter is to document a portion of my involvement with the subsidence monitoring
survey of the Grassy Trail Reservoir dam. My company was hired by the West Ridge Mine as a survey
consultant to monitor the dam in October of 2005. My monitoring of the dam included GPS, Total Station,
and Differential Level observations. In this letter I will summarize the "straight-line" observations that
were rnade at the dam.

In May of 2006 Dave Shaver made the recommendation to perform a "straight-line" observation of a
number of points along the surface of the dam. This observation consisted of setting up an optical survey
instrurnent at one end of the dam and setting markers along the dam that are all on the same sight line.
Once the marks were set any movement in a direction perpendicular to the sight line would be easily
detected. On May 26, 2006 | set the marks along the dam and made the initial or base line survey. At
the East end of the dam I pounded a 6-foot long roof bolt (1" diameter solid steel rod) to within 1 foot of
the dam surface. I also placed concrete around the roof bolt to a depth of 30 inches. I then set up an
optical survey instrument (a Sokkia Set 2BZ Total Station) overthe roof bolt and sighted a straight line
along the dam to the West. On this straight line I was able to line up with a number of the existing
monitoring wells that are located along the dam. These wells are square metal tubing that are
approximately 4" X 4" and stick out of the ground a couple of feet. I was then able to line up my survey
helper who drew a vertical line on 4 of these monitoring wells that were all in a straight line with each
other and the roof bolt that I was set up over. $ince placing the marks and performing the initial survey I

have made 12 subsequent observations of this straight line on the dates shown below. On every survey I

set up the same instrument over the roof bolt on the East end of the dam and sighted a straight line to the
West along the monitoring well marks. And on every survey all of the marks were on the same East-West
sight line, which indicates there was no movement in a North-South direction for the duration of the
surv!;y. Beginning on December 14, 2006 we also started measuring distances from the control point on
the East end to each of the monitoring wells. These distances were then checked on the subsequent
observation dates, and have shown no movement in the East-West direction.

Straight-line survey observation dates:

r May 26, 2006
. May 30, 2006
r June 4, 2006
r June 12,2006
. June 16,2006
r June 20, 2006
r June 23,2006
I June 30,2006
. July 11, 2006
. July 20, 2006

Sincerely,

M. Cody Ware, PLS

r August 11, 2006
. September 18, 2006
r October 19, 2006
I December 14, 2006
r January 31,2007
. March 1,2007
. March 29, 2007
I May 30, 20OT
. June 5,2007
. Jufy 1,2A07
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